ABSTRACT. Relationships between Camellia. japonica and C. reticulata were studied to assess whether C. reticulata inherited the genome complements from C. japonica. Genomic in situ hybridization (GISH) was used to get the hybridization signalpatterns in mitotic interphase nuclei and metaphase chromosomes of three polyploid types in root-tip cells in C. reticulata using the whole genomic DNA of C. japonica as probe. Most of the hybridization signals were located at the terminal region of the chromosomes, whereas weak signals were found in whole parts of chromosomes. Numbers of hybridization signals in interphase nuclei had a tendency that higher numbers were correlated with higher ploid levels, however, no correlation between the hybridization signals and the ploidy level was seen in the metaphase chromosomes in C. reticulata. The results confirmed that the polyploids of C. reticulata were allotetraploid and allohexaploid. The results also showed that C. reticulata and C. japonica were closely related to each other, and C. japonica had partly contributed to the origin of the polyploid C. reticulata.
Being an important, woody plants, Camellia japonica and C. reticulata have been cultivated in Japan, China and many other countries for many years. They have internationally well-known ornamental characteristics such as flower size, bright and charming colors, many cultivars and a long flowering season. Clarification of relationships between C. japonica and C. reticulata could suggest further breeding studies. In 1970's, Ackerman and Kondo found C. reticulata as a hexaploid plant (2n=6x=90) with the basic chromosome number of x=15 in Camellia. The previous cytological studies with meiotic cells showed that most o f t h e h e x a p l o i d C . re t i c u l a t a t a x a p r o d u c e d predominantly bivalent formations such as 45 II and exceptionally some quadrivalents at metaphase I, while a few taxa produced various chromosome configurations with some multivalents (Kondo 1977a (Kondo , b, 1978a . The above results suggested that C. reticulata was an allohexaploid. Based on the results of extensive cross compatibility studies in Camellia, Parks (1963 Parks ( , 1990 speculated that the polyploid C. reticulata possibly formed a complex with C. saluenensis, C. pitardii and C. japonica. In the horticultural world, there were numerous artificial, interspecific hybrids between C. japonica and C. reticulata (Kondo 1977a (Kondo , 1978a . According to those results described above and their cytogeographic study by Xia and Gu (1994) and Gu (1997) , C. japonica might be the most primitive diploid species of C. reticulata. Genomic in situ hybridization (GISH) is a powerful technique that can be applied to the study of species relationships and provides a visualizing data for segregation of the two parental chromosomes. It has been extensively and successfully applied to the genetic identification of numerous interspecific and intergeneric plant hybrids in past years (Abd El-Twab and Kondo 2000; Gavrilenko et al. 2001; Zhou et al. 2001; Xia et al. 2003) . The present paper aims to increase our understanding of the relationship between C. japonica and C. reticulata, and offer further evidence to clarify the origin of polyploid C. reticulata by GISH.
MATERIALS AND METHODS
Plant material Localities and ploid levels of the species used in this study were listed in Preparation of chromosomes Roots 0.5-1.5 cm long were pretreated with 0.05% colchicine in water for 2.5 h at room temperature, fixed in 3:1 (v/v) mixture of ethanol and glacial acetic acid, and stored at -20°C. Then, root tips were washed in enzyme buffer of 0.01 M citric acid/ sodium citrate at pH 4.8 for 20 min and digested in an enzyme mixture comprised of 2% (w/v) cellulase Onozuka-RS (Yakult Co., LTD., Japan) and 1% (w/v) pectase Y-23 (Kyowa Chemical Products Co., LTD., Japan) for 0.5 h at 37°C. Meristematic cells were squashed in a drop of 45% acetic acid with a coverslip, and the preparations were frozen on dry ice. Then, Coverslips were removed and meristem preparations were dehydrated, air-dried and stored at 4°C until use.
DNA probes Total genomic DNA from C. japonica leaves was extracted using the standard CTAB method (Doyle and Doyle 1987) . DNA was boiled to yield 300-700bp fragments and labeled by nick translation with digoxigenin-11-dUTP according to the manufacturer's instructions (Roche).
GISH GISH was performed as described by Hasterok et al. (2001) with minor modifications. Slides were pretreated with RNase A (100 µg/ml) in 2×SSC for 1 h at 37°C, then washed in 2×SSC, incubated in pepsin (5 µg/ ml) for 20 min (Wako Pure Chemical Industries, Ltd., Japan). After washing with 2×SSC samples were postfixed in 1% formaldehyde in PBS buffer for 10 min, washed again in 2×SSC and dehydrated in absolute ethanol. The hybridization mixture consisted of target DNA (150 ng), 50% deionized formamide, 10% dextran sulphate, 10% 20×SSC, 1% SDS, and salmon sperm blocking DNA (80-100-fold excess over the labelled probes). Chromosome preparations and pre-denatured probes (incubated at 75°C for 10 min) were denatured at 75°C for 10 min and allowed to hybridize overnight in a humid chamber at 37°C. Post-hybridization washes were carried out for 15 min in 2×SSC at room temperature, followed by washes in 0.1×SSC at 42°C for 30 min. The digoxigenin probe was immunodetected using a standard protocol with anti-digoxigenin antibody conjugated with rhodamine (Roche). The chromosomes were counterstained with 1 µg/ml 4, 6-diamidino-2-phenylindole (DAPI, Sigma-Aldrich) in Vectashield (Vector Laboratories, Inc., Burlingame, CA). Images were captured using the CytoVision system (Applied Imaging) and a ZEISS Axioplan2 microscope. Fluorescent signals were captured separately as 8-bit black and white images through appropriate excitation filters, normalized, and merged to a 24-bit color image. Signals tagged nuclei and chromosomes were captured.
RESULTS AND DISCUSSION
In order to reveal the relationship between C. reticulata and C. japonica, and to assess whether C. reticulata inherited the genome complements from C. japonica, GISH was carried out. Fig. 1A , C and E showed the results of genomic in situ hybridization to interphase nuclei of C. reticulata using Dig-labelled the whole genomic DNA of C. japonica as a probe in the presence of unlabelled excess blocking DNA from Salmon Sperm. The hybridization signals of C. japonica genomic probe， unlike the hybridization signals of repetitive sequence such as 5S rDNA were plaque. The signals were basically dispersedly distributed at the ends of the chromosome and exhibited a tendency that the higher ploid level showed many more signals in relative number were shown. Figure 1B , D and F showed the results of GISH signals in metaphase chromosomes in the diploid (Fig.  1D ), the tetraploid (Fig. 1D) and the hexaploid C. reticulata using Dig-labelled the whole genomic DNA of C. japonica as a probe in the presence of unlabelled excess blocking DNA from salmon sperm. The present results confirmed that the karyotypes of C. reticulata consisted of median-, submedian-and subterminalcentrometric chromosomes. The orthodox karyotype analysis made with the aceto-orcein squash method has shown the chromosomes of each complement have displayed gradual decrease in size from the largest to the smallest chromosomes only, and it has been so difficult to find and make paired respective homologous chromosomes. The present result using GISH showed more details of chromosomes which paired successfully to clarify and justify homologous chromosomes (Fig. 2) . The diploid C. reticulata had three pairs of chromosomes (Pairs 1, 6 and 7) which showed the GISH signals at the both terminal ends. It also had a pair of GISH signals in the centromeric regions (Pair 14), however, it had four pairs of chromosomes which had no GISH signals (Pairs 10, 11, 12 and 15) . The other chromosomes showed GISH signals at their terminal end ( Fig. 2A) .
The tetraploid C. reticulata had the GISH signals in all of the chromosomes; two pairs had the signals in the centromere regions (Pairs 16 and 27). It also had GISH signals at the terminal end of an arm in the three chromosomes (Pairs 10, 12 and 18; Fig. 2B ). Five pairs of chromosomes were shown to have weak hybridization signals in the chromosome complement (Pairs 1, 7, 17, 22 and 25) . The other chromosomes showed GISH signals at both ends of chromosomes (Fig. 2B) . The hexaploid C. reticulate showed three pairs of chromosomes with weak signals in the whole parts of the chromosomes of Pairs 22, 26 and 27. In constract, four pairs chromosomes such as 29, 35, 40 and 41 showed no signal. The other chromosomes had signals at the terminal region at one end or both ends of the chromosomes (Fig. 2C) . Although the hybridization signals in interphase nuclei had a tendency that polyploidy levels could be directly proportionate to signal numbers. However, GISH signal numbers in metaphase chromosomes showed no direct proportion to ploid levels with respect to C. reticulata. This result confirmed that of the previous cytological study with meiotic cells that the ploid C. reticulata were allotetraploid and allohexaploid. Most of the GISH signals were located at the ends of chromosomes. The tetraploid and the hexaploid C. reticulata had five and three pairs of chromosomes respectively with weak signals throughout the whole parts of chromosomes. If the polyploid complex of C. reticulata might be originated from C. japonica, the chromosomes of C. japonica should have more GISH signals. However, C. japonica might not be the direct origin of C. reticulata, although it would contribute somewhat to the prototype of the diploid C. reticulata. As the concluded remark, C. reticulata and C. japonica could be closely related to each other. Camellia reticulata might be resulted from certain interspecific hybridization and performed more recently polyploidization. Camellia japonica might not be the progenitor of the polyploidy complex of C. reticulate, but it might contribute to the origin of the polyploid C. reticulata.
